Abstract In this pilot study on 17 men who underwent u r o d y n a m i c investigation for various dysuric complaints, real-time transrectal u l t r a s o n o g r a p h y (TRUS) was performed. F r o m the images a n a t o m i c a l p a r a m e t e r s were identified that correlated with obstructive u r o d y n a m i c findings and urethral resistance p a r a m e t e r s based on pressure-flow analysis. This study gives s u p p o r t for further clinical investigations to determine the value of T R U S for male patients with dysuric disorders. It also illustrates the a n a t o m i c a l basis of prostatic obstruction as quantified by objective u r o d y n a m i c parameters. 
Transrectal u l t r a s o n o g r a p h y (TRUS) is useful in the imaging of the lower urinary p a t h w a y s in both men and w o m e n [1, 10, 11, [14] [15] [16] . D u r i n g micturition in male patients the d y n a m i c b e h a v i o u r of b l a d d e r neck, prostate, prostatic urethra and pelvic musculature can be monitored. Obstructive dysuria in man is not always correlated with a n a t o m i c a l findings such as an enlarged prostate b e c o m i n g a p p a r e n t on digital rectal examination. In more than 50% of men over 50 years of age there is an impression of urethral occlusion, suggesting obstruction, on u r e t h r o c y s t o s c o p y , but less than 25% of these men require a p r o s t a t e c t o m y to relieve obstruction during their lifetime [17] . Obstructive micturition can only be documented objectively by a full u r o d y n a m i c evaluation in-H. Jansen ([N~) 1 9 R. van Mastrigt 9 M. Kranse Department of Urology, Academic Hospital of Rotterdam and Erasmus University, Dr. Molewater plein 40, NL-3015 GD Rotterdam, The Netherlands 1 P r e s e n t address: Department of Urology, Baronie Hospital, Langendijk 75, NL-4819 EV Breda, The Netherlands volving the m e a s u r e m e n t of detrusor pressure and flow rate [9, 12] .
In this pilot study of 17 men T R U S measurements were c o m p a r e d with both conventional u r o d y n a m i c p a r a m eters and c o m p u t e r -d e r i v e d p a r a m e t e r s quantifying urethral resistance and bladder contractility. Objective ultrasonic criteria were defined that correlate with both these.
Materials and methods
Of 21 men studied, 4 did not manage to void during the session with the transrectal probe in situ, and consequently no measurements of the urethra could be performed. In these 4 men no detrusor activity was seen; their free flow rate measurements showed an interrupted pattern in 3 cases while in 1 case the flow pattern was broad. This suggests that the 3 men with interrupted patterns had underactive detrusor muscles.
The remaining 17 patients (Table 1) were 43-83 years of age, with a mean age of 60, and underwent voiding cystometry because of various dysuric complaints. Six patients (1, 2, 10, 12, 13, 15) suffered from prostatism-like complaints. In 3 patients (4, 14, 16 ) dysuric complaints persisted after transurethral resection of the prostate (TURP). Prostatitis-like complaints were reported by 4 patients (5, 6, 7, 11 ) and 4 patients suffered from various neuropathic disorders: patients 3 and 9 from multiple sclerosis, patient 8 from panhypopituarism, and patient 17 from syringomyelia.
After an initial free flow rate measurement without catheters, patients underwent medium-fill cystometry with room temperature saline. Two 5-F urethral catheters were passed with lubrication, one to fill the bladder and the other to measure intravesical pressure. A water-filled 8-F catheter was used to measure rectal pressure. Flow rate was measured using a DISA rotating disc ftowmeter. From the chart recordings the parameters maximum flow rate, detrusor pressure during maximum flow, bladder capacity and bladder volume were derived. Residual urine was determined after voiding by emptying the bladder via the filling catheter. In 10 of these patients (Table2) the voiding cystometry was stored using the computer program CLIM [6, 13] . This program allows a PC to be connected to the urodynamic set-up to record and store detrusor pressure and flow rate signals during voiding. Using the program, the urethral resistance parameters URA [3] and OBI [4, 5] and the detrusor contractility parameter Wmax [2] were calculated from the stored signals. The parameter URA is derived from a statistical approximation of a quadratic pressure-flow relation fitted through the point of maximum flow rate and associated detrusor pressure. OBI is a Fig. 1 Ultrasound image of the prostatic urethra of a 35-yearold man with no symptoms. These images were used to measure the diameter of the urethra at the apex (1), midurethra (2) and bladder neck (3) at maximum flowrate Fig. 2 Ultrasound image of a 72-year-old man with obstructive voiding. Measurements were taken at apex (1), midurethra (2) and bladder neck (3) linear combination of the average height and average slope of the pressure-flow plot derived using Fisher's linear discriminant method, Both parameters are described in more detail elsewhere [8] .
The contractility parameter, Wmax, is the maximum of an approximation of the power developed by the detrusor per surface area during voiding [12] .
At the same time as the voiding study, TRUS was performed for visualization of bladder neck, prostate, prostatic urethra and pelvic musculature. A Toshiba 5 mHz IVE-506S linear array probe was used for the examination, with patients in the sitting position on a chair. The examination session was recorded on videotape. The images recorded were used to measure the length of the prostatic Table 3 Correlation of conventional urodynamic parameters with diameter and length of the urethra. Urethral diameter was measured proximally, at the mid-urethra and apically. Diameters and length were determined by means ofTRUS. Numbers shown are Spearman's rank correlation coefficients (and significances in parentheses) for 17 patients urethra and the diameter of the proximal prostatic urethra (bladder neck), the mid-urethra and the apical urethra as sonographic parameters (Tables 1, 2 , Fig. 1 ). These measurements were taken at the moment of maximum flow. The urodynamic and sonographic parameters were compared by calculating Spearman's rank correlation coefficient.
Results
In all 17 patients good visualization was attained. The musculature was inspected during both bladder filling and voiding. Tables 1 and 2 describe the parameters recorded in the patients who underwent urodynamic investigation and TRUS simultaneously. Table 3 shows the correlation between the conventional urodynamic parameters and the sonographic parameters. There is a significant correlation between the width of the apical urethra and the maximum flow rate and between the length of the urethra and the diameter of the bladder neck and the detrusor pressure during maximum flow. The diameter of the middle section of the urethra did not correlate with any conventional urodynamic parameter. In 10 patients the voiding cystometry was stored and processed using the computer program CLIM. Table4 shows the correlations between the resulting parameters and the sonographic parameters. There was a significant negative correlation of the urethral resistance parameter URA with the diameter of the proximal urethra and the apical urethra and a significant negative correlation of the urethral resistance parameter OBI with all three diameters measured. There were no significant correlations of the detrusor contractility parameter Wmax with the sonographic parameters.
Discussion
In this study, TRUS recordings were made of the prostate and the prostatic urethra during voiding in patients with dysuric complaints. Patients who strained during voiding all showed a clear collapse of the pre-prostatic blood vessels (Santorini plexus), and often a downward rotatory movement of the prostate could be seen, during which the apex was relatively immobile. In patients who had previously undergone TURP, resection seemed on TRUS to have been imcomplete until they started to void, when definite opening of the bladder neck and mid-urethra could be seen and only a small rim of prostatic tissue remained dorsally and ventrally. Apical remnants in one case showed a persistent obstruction that was urodynamically confirmed (Fig. 2) . Patients with hyperplastic ventral lobes were seen during micturition to have a long prostatic urethra, because of the curvature of the urethra.
In 1 patient the bladder neck closed at the same time as the external sphincter at the end of micturition. At that moment a bolus of fluid was enclosed in the prostatic urethra, which suggests a cause of dribbling (Fig. 3) .
The TRUS images allowed accurate determination of the diameter of the urethra at a number of locations and of the length of the urethra. In the limited material of this pilot study we found significant correlations between the is a modality that could be used for further fundamental investigation in poorly understood micturition disturbances such as outlet obstruction, dysuria and dribbling. Fig. 3 Ultrasound image of the prostatic urethra of a man who had a bolus of urine enclosed in his prostatic urethra, illustrating a possible cause of dribbling following micturition diameters of the urethra determined by TRUS and the urethral resistance as quantified by the parameters URA and OBI. The strongest correlations were found in the bladder neck region. Increased urethral resistance caused a decreased maximum flow rate. There was also a significant negative correlation between the diameter of the apical urethra and maximum flow rate.
Although this pilot study included only a limited number of patients, it can be concluded that there are measurable anatomical parameters of urethra and prostate that correlate with obstructive urodynamic findings. Transrectal manipulation is bound to interfere with normal micturition, and it is not therefore our intention to present this modality as a routine investigation in patients with dysuric problems. Nevertheless we think that TRUS
